Pancreatic neuroendocrine neoplasms (pNENs) are rare and clinically demanding diseases. pNENs are clinically defined as functioning (F-pNENs) or nonfunctioning (NF-pNENs) depending on the presence of a syndrome related to inappropriate hormone secretion and thus they are classified according to their hormonal secretion.[@b1-asm-1-1] A staging system based on tumor-node-metastasis (TNM) parameters and grading system based on the assessment of the proliferative activity of neoplastic cells have been proposed by the European Neuroendocrine Tumor Society (ENETS).[@b2-asm-1-1] The World Health Organization (WHO) classification of pNENs serves the primary purpose of assigning a diagnostic category with a clinical significance.[@b3-asm-1-1] The heterogeneous presentation and their different biological behavior pose a complicated set of questions about surgical management. The aim of the present review is to analyze the state of the art in the surgical management of pNEN.

Preoperative assessment
=======================

Preoperative imaging
--------------------

The imaging of the primary tumor location and extent of the disease is necessary for all phases in the management of patients with pNENs. Several imaging modalities have been widely used, including conventional imaging studies (computed tomography, magnetic resonance imaging, ultrasound, angiography), somatostatin receptor scintigraphy, endoscopic ultrasound, functional localization studies measuring hormonal gradients, and, recently, the use of positron emission tomography[@b4-asm-1-1] ([Figure 1](#f1-asm-1-1){ref-type="fig"}). During surgery, the routine use of intraoperative ultrasound (IOUS) is recommended, especially for insulinomas or whenever an enucleation is planned, and for small duodenal tumors (especially duodenal gastrinomas) endoscopic transillumination in addition to routine duodenotomy is recommended.[@b5-asm-1-1]

Tumor staging
=============

The current WHO classification of NEN divided digestive tumors according to the grade of differentiation3 ([Table 1](#t1-asm-1-1){ref-type="table"}). In 2006, a working group of the ENETS published a proposal for a TNM staging classification of pNENs.[@b6-asm-1-1] In this classification, pT1 tumors are \<2 cm, pT2 are between 2 cm and 4 cm, and pT3 are \>4 cm. In 2009, a TNM staging classification for pNET was suggested in the seventh edition of the AJCC/UICC TNM classification.[@b2-asm-1-1] The AJCC/UICC and ENETS classifications differ in the definitions of the T stages although a cutoff of 2 cm to distinguish pT1 from pT2 is used in both. On the contrary, the AJCC/UICC system requires recognition of peripancreatic soft tissue invasion to distinguish pT2 from pT3, whereas the ENETS classification based this distinction on tumor size using a cutoff of 4 cm. Both the ENETS and the AJCC classifications revealed to be accurate tools of prognostication for pNEN.[@b7-asm-1-1],[@b8-asm-1-1]

Surgical treatment of sporadic pNEN
===================================

Localized pNEN
--------------

The improvement and the widespread use of cross-sectional imaging technique significantly increased the detection of small NF-pNET.[@b1-asm-1-1] A recent study by Bettini et al[@b9-asm-1-1] demonstrated that the incidence of malignant forms was 6% among patients with incidentally discovered pNET \<2 cm.[@b9-asm-1-1] The ENETS guidelines now recommend a wait-and-see policy for these small, incidentally discovered tumors, particularly when, to remove the lesion, an aggressive surgical procedure is required, such as pancreaticoduodenectomy or distal splenopancreatectomy, depending on the localization of the tumor.[@b10-asm-1-1] Although a follow-up protocol has not been investigated, a yearly imaging-based observation with a first control after 6 months from diagnosis seems to be reasonably safe. However, surgery still represents the treatment of choice for pNETs \>2 cm and/or for symptomatic forms.

Radical surgery for pNET includes both formal and limited pancreatic resections. Formal resections differ according to the tumor site: lesions of the pancreatic head are treated with a pancreaticoduodenectomy (PD), whereas lesions of the body and tail are treated with a distal pancreatectomy (DP). Currently, when performed in high-volume centers, pancreatic formal resections have an acceptable mortality rate (less than 5%) although the percentage of complications is still significant ranging from 40% to 50%.[@b11-asm-1-1],[@b12-asm-1-1] Formal pancreatic resections are also associated with a high incidence of exocrine and endocrine insufficiency. The incidence of endocrine insufficiency ranges from 10% to 24% after a PD and from 8% to 60% after an LP, whereas the exocrine insufficiency ranges from 30% to 60% after a PD and from 0% to 40 % after an LP.[@b13-asm-1-1] The risk of a long-term pancreatic impairment has increased the use of parenchyma-sparing techniques or limited resections such as enucleation and middle pancreatectomy that consists of the resection of the central part of the gland. Currently, these procedures are limited only for small tumors (less than 2 cm) with a functional syndrome[@b14-asm-1-1] because nonfunctioning forms might be managed conservatively. The main advantage for limited resections is the association with a lower risk of a long-term endocrine/exocrine impairment when compared to standard resections.[@b15-asm-1-1],[@b16-asm-1-1] However, limited resections are associated with a high rate of pancreatic fistulas although they are mostly transient and with a low clinical impact.[@b15-asm-1-1]

The role of lymphadenectomy for patients with pNEN is still unclear.[@b17-asm-1-1] Lymph node metastases occur only in the 30% of patients affected by pNET,[@b17-asm-1-1] but the association between node metastases and poorer survival is still debated.[@b18-asm-1-1] As a consequence, firm conclusions about the advantage of lymphadenectomy for pNEN are still difficult to be made. Cholecystectomy should not be performed anymore whenever a surgical procedure is required. Indeed, despite the association between long-term treatment with somatostatin analogs and the development of biliary symptoms and gallstones, episodes of cholecystitis are rare. Moreover, liver embolization when required is very selective, thus making cholecystitis by reflux of microspheres almost impossible.

Locally advanced pNEN
---------------------

A large proportion of patients with pNEN have a locally advanced disease at diagnosis. The surgical removal of the tumor mass could mean a curative resection with improved survival for patients.[@b19-asm-1-1] Criteria for a surgical resection of pNEN do not exclude the presence of the nearby organ invasion (stomach, spleen, colon, kidney, adrenal gland) or the invasion of vascular structures. The treatment of choice is always a formal resection combined with lymphadenectomy and is associated, if necessary, to nearby organs resection. The presence of NF-pNENs should be assessed preoperatively excluding the surgical resection in the case of (1) circumferential invasion of the portal vein and 2) circumferential invasion of the superior mesenteric artery. The presence of celiac trunk invasion is not an absolute limitation for DP.[@b10-asm-1-1]

Metastatic pNEN
---------------

At diagnosis, 25% to 93% of patients with pNEN had synchronous neuroendocrine tumor liver metastases[@b20-asm-1-1] ([Figure 2](#f2-asm-1-1){ref-type="fig"}). A radical resection of the primary tumor, associated with complete, eventually multistep, resection of the liver metastases, is the treatment of choice.[@b21-asm-1-1],[@b22-asm-1-1] Surgery is effective at relieving symptoms and can be the only potential curative treatment when a complete resection (R0/R1 resection) of primary tumor and liver lesions is achieved. Nevertheless, a radical liver resection is only possible in less than 20% of patients due to the high incidence of multifocal and bilateral metastases. [@b23-asm-1-1] The criteria that should be met before proposing surgery for metastatic PNET are as follows: (1) the absence of extra-abdominal disease, (2) the presence of low proliferative index (Ki-67) by fine-needle aspiration that must be preoperatively assessed, and (3) the existence of somatostatin receptors to deliver radiolabeled therapies because they resulted effective after cytoreductive surgery.[@b24-asm-1-1] A diagnosis of pNEC should exclude the patient from an upfront surgery. Moreover, in these patients with bilobar metastases or more than 75% of liver involvement, radical surgery can be rarely performed. In this light, medical, ablative and embolizing techniques can be provided to allow a radical resection.[@b25-asm-1-1] An alternative option for multifocal liver metastases consists of any integrated approach of partial hepatectomy combined with radiofrequency ablation. [@b26-asm-1-1] The type of liver resection depends on the site and number of liver metastases, s and hepatic reserve itself. When surgery is indicated, it can range from simple enucleation to segmental resection or to hepatectomy. The survival rates of 3 and 5 years in patients who undergo radical liver surgery for neuroendocrine tumor metastases are 95% and 79%, respectively.[@b27-asm-1-1]

Liver transplantation has been proposed as a potentially curative treatment in patients free of extrahepatic metastases, for which standard surgical and medical therapies have failed.

As regard of primary tumor resection, cytoreductive surgery is helpful to control hormonal secretion--related symptoms in functioning metastatic endocrine carcinoma. In metastatic nonfunctioning pNEN, an advantage in terms of survival after primary tumor resection was not clearly demonstrated.[@b28-asm-1-1] In these nonfunctioning tumors, a pancreatic resection could be only justified to prevent life-threatening and obstructive complications, including bleeding or acute pancreatitis, jaundice, or gastric obstruction.[@b28-asm-1-1] However, a recent review[@b29-asm-1-1] demonstrated a trend toward a better survival for patients with metastatic pNEN who underwent a primary tumor resection. Nevertheless these results could have a major bias related to the likelihood that patients with earlier forms underwent a resection.

Surgical treatment of pNEN in inherited syndromes
=================================================

Multiple endocrine neoplasia type I (MEN-I) syndrome
----------------------------------------------------

The surgical management of MEN-1--associated pNETs remains controversial because in this case they are almost always multifocal and because they are usually distributed through the pancreatic parenchyma.[@b10-asm-1-1] Up to 80% of patients affected by MEN-1 develop synchronous or metachronous islet cell pancreatic or duodenal tumors: gastrinomas (54%), insulinomas (18%), and nonfunctioning tumors (80%--100%).[@b30-asm-1-1] Currently, although surgery for pNET causing tumor mass--related symptoms or for functioning tumor-like insulinomas is mandatory; the role of surgical treatment in small (\<2 cm) NF-pNET or gastrinomas is still unclear although most of the studies recommend a conservative management. [@b31-asm-1-1] The indications for surgery are now limited only for tumors with metastases and/or tumors larger than 2 cm and/or with a yearly increased size \>0.5 cm.[@b32-asm-1-1] If the lesion meets the aforementioned requirements, the surgery is the indicated treatment. In this case an IOUS is mandatory to assess the correct surgical procedure due to the high rate of multicentric lesions. The surgical procedure often results in a subtotal DP with enucleation of these tumors located in the head of pancreas or in the duodenal submucosa. This procedure, associated with an appropriate lymphadenectomy and duodenotomy for detecting small gastrinomas, is commonly called "Thompson procedure."[@b33-asm-1-1] Although multifocal lesions are often demonstrated, a total pancreatectomy is not generally recommended, and it should be taken into consideration only in the cases in which the familial history evidences high mortality rates for the disease.[@b30-asm-1-1] When neoplasms involve the head and the tail of the pancreas leaving the body free of disease, a parenchyma preserving pancreatectomy is safe and feasible.[@b34-asm-1-1]

Von Hippel-Lindau (VHL) disease
-------------------------------

pNETs develop in 10% to 17% of patients affected by VHL disease and more than 98% are nonfunctioning forms.[@b31-asm-1-1] pNETs are generally an uncommon cause of death in VHL because most of these patients die due to metastatic renal cancer or complications of the cerebellar hemangiomas. As for MEN-I syndrome, surgery is mandatory for patients presenting mass-related symptoms, even if they occur in the minority of the cases (less than 5%).[@b31-asm-1-1] Regarding asymptomatic pNETs, the tumor size seems to be related to the presence of liver metastases, and it constitutes an indication for surgery. A study on 108 patients suffering from nonfunctioning pNET associated to VHL showed that lesions \<3 cm, without mutation in exon 3 of the VHL gene or with a slow primary tumor doubling time (more than 500 days), were associated with a lower malignancy rate and were the possible candidates to a conservative observational approach. [@b35-asm-1-1]

Neurofibromatosis type I (NF-1)
-------------------------------

In the 10% of cases, pNETs can be associated to NF-1. They are quite exclusively duodenal somatostatinomas that occur in periampullary region. Tumor size is not a good predictor in pNET associated to NF-1, and 30% of somatostatinomas are malignant. Due to these characteristics, the most commonly proposed procedures are standard resections also if satisfactory results with a local resection have been reported.[@b36-asm-1-1]

Open or laparoscopic approach?
==============================

Laparoscopic procedures play an important role in the treatment of pNENs. It has been demonstrated that laparoscopic DP and enucleation are safe and feasible in patients with pancreatic endocrine tumors.[@b37-asm-1-1] Insulinomas are increasingly being treated by laparoscopic approach. In the 85% of patients, they are single tumors, almost always intrapancreatic, and if they can be localized preoperatively, they can be cured in the 70% to 100% of cases using a laparoscopic approach.[@b5-asm-1-1]

As for insulinomas the laparoscopic approach is adequate, the role of laparoscopic surgery for gastrinomas appears to be limited.

The laparoscopic procedure needs to be integrated with the use of intraoperative ultrasonography to correctly define the area of pancreatic transection during DP. Moreover, laparoscopic ultrasonography provides information similar to that obtained by open IOUS; however, the success rate increases when the tumor mass is preoperatively detected.[@b38-asm-1-1] The advantages of minimally invasive surgery are a lower postoperative pain, better cosmesis outcomes, shorter length of hospital stay, and faster return to normal activity with a rate of pancreatic fistula comparable to that observed after open surgery.[@b37-asm-1-1] The value of laparoscopy for pancreatic malignancy lies mainly in its diagnostic and staging capabilities.[@b39-asm-1-1]

In conclusion, surgical treatment of pNENs still remains a crucial point in the multimodal management of these tumors. Once considered mandatory for all localized forms of pNET, surgery tends to be more and more avoided in the case of asymptomatic pNET smaller than 2 cm in size, when a major formal resection is required. Nonetheless, a radical resection of aggressive forms is the only hope of cure despite recent advances in medical treatment of these tumors. Surgical procedures should always be adapted for each single patient both for the extension of resection and for the sequence in the multimodal treatment.

![Gallium-68 somatostatin receptor positron emission tomography/computed tomography demonstrating a large neuroendocrine tumor in the pancreatic tail.](asm-1-1f1){#f1-asm-1-1}

![Computed tomography demonstrating multiple hypervascularized neuroendocrine liver metastases and a splenomegaly due to portal hypertension.](asm-1-1f2){#f2-asm-1-1}

###### 

Classification (WHO 2010) for neuroendocrine neoplasms of the digestive system.

  WHO 2010
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  NET G1 (carcinoid)[a](#tfn1-asm-1-1){ref-type="table-fn"}[b](#tfn2-asm-1-1){ref-type="table-fn"}NET G2[a](#tfn1-asm-1-1){ref-type="table-fn"}NEC (large cell or small cell type)[a](#tfn1-asm-1-1){ref-type="table-fn"}[b](#tfn2-asm-1-1){ref-type="table-fn"}[c](#tfn3-asm-1-1){ref-type="table-fn"}Mixed adenoneuroendocrine carcinoma (MANEC)[b](#tfn2-asm-1-1){ref-type="table-fn"}Hyperplastic and preneoplastic lesions

G: Grade, NEC: neuroendocrine carcinoma, NET: neuroendocrine tumor.

Definition in parentheses as for the International Classification of Diseases for Oncology (ICD-O) coding.

"NET G3" has been used for this category but is not advised, since NETs are by definition well differentiated.
